The growth of several adenine-independent strains of yeasts in defined media containing suboptimal concentrations of biotin and relatively high concentrations of rnethionine is associated with the formation of a pink pigment in the cells and of an arylamine in the culture fluid. Under similar conditions, pigment and arylamine are not produced by an adenine-requiring strain of Schizosaccfwomyces octosporus. Culture filtrates containing arylamine promote the growth of Sch. octosporus in adenine-free medium, but an adenine-requiring lactobacillus responds only after a considerable lag. The results are interpreted to mean that the arylamine is, or is derived from, a precursor of adenine, whose conversion to adenine is impaired by deficiency of biotin.
a modification of that used for the microbiological assay of nicotinic acid (Analytical Methods Committee, 1946) but from which adenine was omitted.
Measurement of grozeth. The turbidities of 6 ml. tube cultures were measured in situ in the Hilger 'Spekker' absorptiometer (Northam & Norris, 1951) , using distilled water as reference liquid. For determinations on larger cultures, samples of homogeneous yeast suspension were withdrawn and read in the 1 cm. Spekker cell. Weight of cell dr>-matter (Fig. 2 ) was determined from turbidity readings by use of a calibration curve.
Determination of arylamine. Culture filtrates were obtained by centrifuging 6 ml. cultures (or 6 ml. samples of larger cultures). The supernatant was poured off as completely as possible, and arylamine in the filtrate determined by the diazotization and coupling reaction of Rratton & Marshall (1939) .
To determine ' non-acetylable ' arylamine, the filtrate was treated with onetenth of a volume of acetic anhydride at room temperature for 4-1 hr. before cliazotization and coupling. Concentration of arylamine was expressed as the absorption of the azo colour in a 1 cm. cell, measured in the Spekker absorptiometer using Ilford filter no. 603 (peak transmission 5000 A.). The absorption spectra of the azo compounds were determined with the same instrument using a range of filters. Since each filter transmits over a range of wavelengths, such spectra provide only a generalized outline, but which is useful for purposes of differentiating between (qualitatively) direrent azo compounds.
RESULTS

Pigment and arylamine formation by Yeast 47
Cultures of Yeast 47 were grown in tubes of basal media, each containing suboptimal concentrations of inositol, pantothenate, biotin and p-AB, and the effect of added methionine was tested in each case. Pigment was formed only in cultures which were both relatively deficient in biotin and which contained added methionine. Pigmentation of the cells was appreciable in the presence of 50,ug. DL-methioninc/ml., but more marked with 500pg./ml.
Culture filtrates from pink cells, but not those from normal white cells, gave an arylamine reaction niueh too intense to be ascribed to the p-AI3 content of the medium. The reactive compound differed from p-AB with respect to the absorption spectrum of the azo colour ( Fig. 1 ) and in that it was non-acet ylable.
Tests in which L-and n-methionine were substituted for the DL-compound showed that the substance active in promoting pigment and arylamine formation was the L-methionine, the D-isomer being inactive.
Other conditions being suitable, cultures were substantially free from pigment and arylamine when any of the following four sets of conditions were observed: ( a ) the concentration of u-biotin was raised to 0.08 m,ug./ml. (Fig. 2) ; ( b ) $1-AB was omitted from the medium and replaced by 100pg./ml. each of adenine and L-histidine HCl (Table 1) ; ( c ) 1OOpg. adenine/ml. was included in the basal medium (Table 1) ; (d) uL-methionine was absent or replaced by an equal concentration of any of the following amino-acids : DL-alanine. nr,-z-aniinobutyric acid, I>-arginine, L-aspartic acid, L-cysteine, N . Chamberlain, N . S . Cutts and C . Rainbow i,-cystine, L-histidine, DL-homocystine, L-hydroxyproline, L-glutamic acid, glycine, L-leucine, L-lysine, DL-norleucine, uL-norvaline, uL-phenylalanine, L-proline, DL-serine, DL-threonine, L-tyrosine, uL-valine. m-Tryptophan also failed to induce pigment formation, but in this case arylamine was not tested for, since the amino-acid itself gave a coloured compound on diazotization and coupling. Growth-promoting properties of culture filtrates containing arylarnim Neither Sch. octosporus, which requires exogenous adenine, nor Yeast 47 when grown in media from which p-AB is omitted (so that it is unable to synthesize adenine) forms appreciable arylamine. This suggests that wheii arylamine accumulates in cultures independent of exogenous adenine, it may do so as a result of a block in adenine synthesis. Arylamine, or a substance from which arylamine is derived, may be therefore a precursor of purine.
N . Chamberlain, N . S. Cutts and C. Rainbow
Culture filtrates containing arylamine were therefore tested for ability to replace adenine in the nutrition of Sch. octosporus and the heterofermentative lactobacillus, both of which require exogenous adenine for growth.
Cultures (100 ml.) of Yeast 47 were grown in basal medium supplemented (1 ml.) as follows: medium I, 2 mpg. u-biotin; medium 11, 0.01 mpg. D-biotin; medium 111, 0.01 mpg. n-biotin and 500 pg. nI,-methioninc. After 96 hr., the Incubation time (hr.) The filtrate was identical with filtrate I11 (Fig. 3) .
cultures were centrifuged, the supernatant fluids filtered through Whatman no. 44 paper and the filtrates concentrated in uacuo below 40° to one-sixth volume. After withdrawing a sample for arylamine determination the concentrates were tested for growth-promoting activity for Sch. octosporus and the lactobacillus in adenine-free media. Culture filtrate I11 (which contained arylamine) was much superior to filtrates I and I1 (which contained little or no arylamine) as a substituent for adenine in the nutrition of Sch. octosporus (Fig. 3) . For the lactobacillus, filtrate 111 replaced adenine after a considerable delay (148 hr.), whereas the response to added adenine was almost immcdiatc (Fig. 4) . This delay was not caused by inhibitors added with the filtrate, since addition of adenine after 91 hr. evoked an immediate response. The delayed response of the lactobacillus to filtrate I11 thus indicates that the active substance in the filtrate is not adenine itself.
DISCUSSION
In this work, the formation of pigment by cells was invariably associated with the prescnce of arylamine in the culture filtrate. However, pigment and arylamine are not identical, sirice filtrates containing relatively high con-centrations of the latter are usually (but not invariably) colourless. Pigment may result from the interaction of the arylamine with some cell constituent.
Our pigment may be identical with, or related to, that reported by Lindegren & Lindegren (1947) who associated the formation of a pink pigment by certain mutants of S . cervisiae with a block in adenine synthesis, coupled with the presence of excess rriethioniiic and with other substances. Assuming such a relationship, the following scheme might represent the data: The Liiidegrens wggested that tlie a(nmiulatio1i of an intcririediate by their n l u titiit4 caused pignieiit formation. Provided there is no further sj-nthet ic. disability between the intcrrriediate and adenine, the former (or an arylamine derived from it) might he espeeted t o replace adenine in the nutrition of adenine-dependent niicro-organisms, such as we have demonstrated. That arylaniine did not accumulate in cultures containing more nearly optimal quantities of biotin suggests that, in Yeast 47, biotin may function in converting the intermediate to adenine.
Stettcn CY-Fox (19.46) oberved the arccuniulation of diazotizable aniirie in cultures of Escherichici coli under conditions of sulphonamide bacteriostnsis. This aiuine, rS( 4)-arnino-4( 5)-imidazolccarbosarmide, was regarded by Shive. Ackerrnann. Gordon, Getzendaner dk Eakin ( 1 94'7) as an intermediate in purine biosynthesis and may be related to our aniine. although the latter appears distinct with respect to the absorption niaxinium of the azo coiiipoiind and in being relatively insensitive to oxidation by a current of air pa\secl through solutions overnight.
That pigmciit and arylamirie foriliation took placc in other species arid genera of biot in-dependent yca5ts Yuggests that these phenomena reflect soiiie abnormality of €undamental metabolic processes common to wveral \,casts and yeast-like organisms. Proc. not. Acud. Sci., Wash. 33, 314.
